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Introduction
Given that Germany is one of the nations most vulnerable to international trade (both exports and imports amount to one third of GDP), there is surprisingly little evidence on the relationship between exchange rate fluctuations and stock exchange movements in Germany. This contrasts sharply with numerous comments on the reaction of the domestic stock market to U.S. dollar changes in the popular business press. According to the interpretation of many journalists, there should be a positive correlation between the German stock prices and the DM/$ rate, respectively a negative correlation between the German stock prices and the EURO/$ exchange rate. A typical example looks as follows: "Steep rise of the EURO annoys stock markets" 1 . Analysts base such stories on the supposition that Germany is strongly export oriented, such that any appreciation of the German/European currency, for example, would mean "bad news" to German/European companies, because of the worsened competitiveness relative to Non-German/Non-European companies. The worsened situation results from the anticipation of lower market shares which might arise due to the need to invoice higher prices in destination countries. This reasoning applied a fortiori by the time of the legal force of the DM, i.e., before introduction of the EURO.
However, these arguments are questionable for at least three reasons. First, Germany's share of imported goods and services in GDP is almost of the same size as the corresponding share of exported goods and services in GDP.
2 Hence, any appreciation might imply good news as well, such that the conjectured correlation between DM/$ changes and German stock market returns would be negative. Secondly, if German companies fully hedge their currency risk by using derivative products and other exchange rate hedging instruments as, for instance, locating production in the United States 3 , then their stock price changes should not be correlated with any movement in the dollar at all. The final reason is related to third factors which have asymmetric influences on both stock returns and exchange rates. Prominent candidates are divergent monetary and fiscal policies, as well as asynchronous output movements (see Blanchard, 1981 , Gavin, 1989 .
1 "Starker Kursanstieg des EURO verstimmt Aktienbörsen", Handelsblatt, July 26, 1999, p.1. 2 In 1999, Germany's exported goods and services amounted to DM 1132 billion, while Germany had to pay DM 1089 billion for imported goods and services. At the same time, German's GDP was DM 3878 billion (Statistisches Bundesamt, 2000) .
Our paper tries to take these points into consideration. It does so by first relating the stock returns of German companies comprising the DAX to movements of the Dollar, and by using exchange-rate exposure models in the tradition of Dumas (1980, 1984) , Jorion (1990) , Bodnar and Gentry (1993) , Dominguez (1998) , and others. In order to take account of the regime dependency given by the German trade structure, we propose to estimate time-variant Dollar exposures. They allow us to tackle the second question, i.e.
the existence of hedging strategies of German corporations. It is interesting to see whether currency risk is decreasing over time, as hedging strategies are put into standard practise nowadays. Moreover, time-variant exchange rate exposures will be related to the prevailing trade structure, i.e. to concurrent exports and imports, such that the hypothesis of trade driven exchange rate exposures can be tested.
Surprisingly, the empirical literature on exchange rate exposure is rather silent on the third question, i.e. about the fact that other macroeconomic risks might distort the relationship between stock returns and exchange rate movements. In this paper, we estimate what we call a "conditional exchange rate exposure". It is achieved using a rolling (time-variant) multi-factor model, based on APT-modelling, which includes exchange rates as a risk factor besides "classical" factors as, for instance, interest rates, inflation and output. The timevariant conditional exchange rate exposure will then be compared to the (unconditional) Dollar exposure, and it is also used to test its dependency on the exporting and importing situation of the German economy. Finally, in order to obtain a comprehensive view of the problem, a complete APT model is estimated for different time periods.
We base our analysis on performance indices from 28 German DAX corporations of the "Karlsruher Kapitalmarktdatenbank" of the time 1975-1995, we include macroeconomic risk factors, and we use data on export and import involvement. The econometric approach is grounded on econometric panel, GLS, SUR and cointegration techniques.
We find a rather unstable association between stock returns and DM/Dollar changes. The association strongly depends on the import-export structure and the existing DM/$ level.
This paper is organised as follows. In Section 2, the correlation between stock returns and exchange rate movements is considered from both microeconomic and macroeconomic viewpoints. Section 3 presents our econometric approach. Section 4 informs about esti-mated exchange rate exposures, and in Section 5 results from the APT modelling are presented. Section 6 summarises our main findings.
The correlation between stock returns and exchange rate movements: microeconomic and macroeconomic viewpoints
Comments in the business press on the expected reaction of stock markets to dollar changes seem to be motivated by a relation as follows:
where r it represents the stock return of company i at time t, d t is the return of the DM/$ exchange rate at time t, and X i represents the foreign involvement of company i. Most comments are based on a strong positive foreign involvement of German firms, because they see rising dollars (i.e. a rising DM/$, respectively a depreciation of the Euro) as driving force of good stock market prospects. This approach looks rather ad hoc, but in fact, Dumas (1980, 1984) have shown analytically that exposure to currency risk can be measured within a bivariate linear regression framework, in which the stock market return is regressed on a constant and the exchange rate. The exchange rate exposure boils down to the partial derivation with respect to the exchange rate, i.e. to the slope parameter of the bivariate regression.
This line of research was followed by an influential paper by Jorion (1990) , who analysed the exposure to exchange rates of U.S. multinationals. Most applications are for U.S. financial markets, with important exceptions. Bodnar and Gentry (1993) provided evidence for Canada, Japan and the U.S., Bailey and Chung (1995) studied the effects of exposure to currency and political risks on equity returns in Mexico, and He and Ng (1998) as well as Dominguez (1998) investigated the exchange rate exposure of Japanese corporations.
Publications on the relationship between exchange rates and German stock market returns are rare. Only recently, exceptions are provided by Glaum et al. (1998 ), Müller (1998 , Entorf and Kabbalakes (1998) , Entorf (2000) , Jamin (1999), and Schieszl (2000) .
Only few articles deal with determinants of currency exposure, though the link between exchange rate exposure and foreign involvement seems to be straightforward. Jorion (1990) finds that exposure varies systematically across the companies under consideration, depending on firm characteristics such as the percentage of foreign operations. Bodnar and Gentry (1993) compares industry-level exchange rate exposures for Canada, Ja-6 pan and the USA. They find that between 20 and 35 per cent of industries have statistically significant exchange rate exposures that are larger for Canada and Japan than for the USA. He and Ng (1998) examine a sample of 171 Japanese multinational companies and find that higher exposure levels are related to higher export shares. Entorf (2000) takes a macroeconomic perspective by estimating time-variant (average) exposure of all German corporations using the returns of a broad German stock market index (DAFOX) and shows cointegration of aggregate exchange rate exposure with export and import shares.
Macroeconomic influences matter, as can be seen when the correlation between exchange rates and equity returns is looked at from the viewpoint of macroeconomic theory.
However, there are only few articles that examine both financial markets simultaneously. Gavin (1989) , extending Blanchard (1981) , provides an exception. The models extends Blanchard (1981) , who has shown how stock markets react to changes in interest rates, output, and, in particular, to anticipated and unanticipated changes of monetary and fiscal policy. Gavin (1989) analyses how both stock market prices and exchange rates interact. Table 1 illustrates channels of influence. Employing the European/German case, we see that monetary expansions (contractions) of the central bank would lead to both positive (negative) stock returns on the one hand, and positive (negative) DM/$ movements on the other hand, because the Euro depreciates (appreciates). Thus, the correlation between both market returns would be positive. In case of a fiscal expansion, however, the correlation would be negative, when we start from the reasonable assumption that, in general, fiscal expansion is considered as "good news" for short-run output fluctuations. Table 1 shows that the existence of monetary, fiscal and output disturbances require a broader view of the problem. An extended way of approaching the economic impact of exchange rate fluctutations is the use of Arbitrage Pricing Theory (APT) models pioneered by Ross (1976) . According to the APT, stock returns may be explained by a K-factor model of the form
where N r is the N-vector of returns of N securities, N µ is the N-vector of expected returns of the N securities, K f a K-vector of realisations of K factors, N B a NxK matrix of factor sensitivities of the N securities to the K factors and N ε the vector of error terms of the N securities. The N-vector of expected returns can be decomposed into
where 0 λ is the risk-free rate, N B is the same matrix of factor sensitivities as in equation (2), and K λ is the K-vector of risk premia for the K factors. Therefore, estimating APTmodels allows for the joint estimation of risk premia and associated factor sensitivities. The theory does not specify the nature of the factors. We shall interpret them for our estimations as realisations of macroeconomic risk factors. (ii) Increasing interest rates → higher user costs of capital → decreasing stock prices ("bad news")
Rise of interest rates → increasing capital imports → appreciation *) In general, fiscal expansion is considered as "good news" for short-run output fluctuations.
Substituting equation (3) into equation (2), rearranging terms and adding a time index t results in
Before estimating the model, macroeconomic risk factors have to be selected. To a certain extent, this selection is arbitrary. According to the Discounted Cash Flow Model, which assumes that prices of assets are determined through their expected discounted dividend payments, factors have to be selected that are potentially responsible for the determination of these payments. For our investigations (see below), we use the business climate, the inflation rate, the term structure, a residual market factor, and, in particular, the U.S.-Dollar. These factors are similar to those proposed by Chen et al. (1986) , who pioneered the macroeconomic variables approach for estimating the APT. The unexpected components of those macroeconomic time series which only can influence asset returns in efficient capital markets are determined using ARMA-and ARIMA-filtering techniques. To obtain the residual market factor we follow the procedure suggested by McElroy and Burmeister (1988) . The market return has to be orthogonalized with respect to the macroeconomic variables in order to capture the market risk which is not explained by the other systematic risk factors. Therefore, the residual market factor is represented by the residuals of an OLS-regression of the market return on the macroeconomic variables.
Estimating APT models (see Jamin, 1999 , for a recent application on German data) allows for the joint determination of factor sensitivities, i.e. the reaction of a single asset on exchange rate movements, and of risk premia, which reveal whether investors have to be compensated by a higher expected return because the exchange rate risk is not diversifiable. In this paper (see Section 4), we will make use of a rolling multi-factor model in order to estimate exchange rate exposures that remain after controlling for other macroeconomic risks. Complete APT models will be presented in Section 5.
Exchange rate exposure and foreign involvement:Econometric issues
In this section, we first characterise previous attempts to relate exchange rate exposure to foreign involvement. Next, modifications of this approach that use data in a more efficient way are discussed.
Two-step versus one-step procedures
Previous attempts to estimates exchange rate are dominated by the microeconomic point of view, i.e., returns of companies are regressed on exchange rates. The link to foreign involvement is performed using two-step and/or one-step procedures (see Jorion, 1990 ).
In the first step, by running N time series regressions, the stock returns of a sample of N companies are regressed on the exchange rate (the Dollar).
Step 2 consists of regressing the exchange rate (Dollar) exposure (i.e., the slope parameter of the first step) on indicators of foreign involvement. Jorion (1990) , for instance, employs the ratio of foreign to total sales:
Econometric problems arise, because estimated exposures are based on common samples, such that they are not i.i.d and υ i ´s are correlated. Jorion (1990) has proposed an alternative procedure that was also applied by Bodnar, Gentry (1993) in a similar fashion.
Jorion suggests to insert the dollar exposure in the first equation :
Expected signs look as follows:
Thus, the advantage of the one-step procedure is its higher efficiency because time series and cross-sectional information can be used in a GLS framework. The disadvantage, however, lies in the fact that cross terms might suffer from the problem of both multicollinearity and difficult interpretation. Now the dollar exposure is no longer just the regression coefficient, but it depends on the level of foreign activities, and more than one estimated parameter is involved to calculate it, as can be seen from equation (7). This leads to potential ambiguities and misinterpretations, if, for instance, both X and 1 γ are negative.
These disadvantages have let us to prefer a two-step procedure, though in a modified and more efficient way (see below).
Profile of wanted generalisation
Based on drawbacks of existing estimation techniques, some points need to be taken into account to design less ambiguous, more feasible, and more efficient estimation procedures.
First, it should be possible to include the panel information X it instead of the crosssectional information X i (see equation 5).
Second, currency exposure strongly depends on beliefs of market participants. Beliefs and expectations, however, do not depend on the whole history of financial markets, but rather depend on limited information sets, as can be seen from numerous examples of unstable coefficient estimates in the literature on CAPM and APT modelling (see, for instance, De
Santis and Gérard, 1998, for time varying currency risks in an international asset pricing model). Thus, estimations should be time-variant, and they should give much more weight on recent observations. Third, covariates from non-financial markets such as X it are not available at the same high frequency level as financial variables are. High frequency data, however, should be used in a complete, non-averaged way, in order to avoid loss of information.
Fourth, simultaneity matters. This might not be the case when single companies are considered, since for them any Dollar movement is exogenous. However, in our paper exchange rate exposures are also estimated for the German economy as a whole. In such cases, macroeconomic theory has taught us that third factors might influence the correlation between exchange rates and equity returns. Thus, as a matter of fact, the direction of causation is unclear, such that it might be preferable to consider a correlated instead of a causal relationship.
A modified two-step procedure
In order to take as many points into consideration as possible, we decided to proceed by performing a modified two-step procedure. In step I,
.e. firm-specific and time-variant exchange rate exposures are estimated. We do so by running rolling regressions:
STEP I:
where τ represents the size of the rolling window, and T is the number of total time series observations. Based on the APT multi-factor model, the extended multivariate estimation of the exchange rate exposure looks as follows, where the exchange rate is measured by the unanticipated residual from ARIMA-modelling, and where f includes all (unanticipated) factors (incl. the residual market factor) except the exchange rate factor:
In order to achieve overall (macro) estimates of the currency exposure, it β can be re-
by using rolling-GLS (SUR) or rolling-panel estimation techniques:
A restricted rolling multi-factor version needs to be changed accordingly:
In step 2, we analyse the relationship between exchange rate exposures and foreign involvement. The best possible way to identify exposure and its determinants would be via description of both firm-specific and time-specific situations. This can be done by estimation of seemingly unrelated regressions (SUR):
STEP II:
SUR is (asymptotically) efficient given known exchange rate exposures, as it allows to consider unanticipated shocks that hit all corporations simultaneously (general crashes, for instance).
Overall macroeconomic estimates can be achieved by restricted SUR or panel estimation:
Applied estimation has to take account of data restrictions, because only limited information is available at the firm level, particularly when high frequency data would be needed. Nevertheless, we are still able to identify the impact from different regimes of foreign involvement by relating exchange rate exposures to aggregated trade activities, available from macroeconomic foreign trade statistics:
Does the modified two-step procedure meet the requirements described above? First, the approach is suitable to incorporate panel information, though information on X it is not used in the present paper. Second, unstable relationships and limited information sets are taken into account by proposing a rolling regression procedure. Third, the potential of high fre-quency data can be saved by using a two-step procedure. The estimation of exchange rate exposures in the tradition of Dumas (1980, 1984) is performed in a first step using all financial observations. According to the fourth requirement, macroeconomic influences are considered in STEP I, see equation (8') and (9'). Moreover, a complete APT model informing about both currency risk premium and the factor sensitivity of the Dollar will be estimated for several sub-periods in Section 5. increases and splits according to the adjustment factors from the Karlsruher Kapitalmarktdatenbank (KKMDB) in order to obtain the total returns of the assets. 6 The US-dollar is the monthly change rate of the closing price of the US-dollar at Frankfurt foreign exchange market. Foreign involvement is measured by the ratio of exports to GDP, and by the ratio of imports to GDP (Source: Deutsche Bundesbank). Both imports and exports include goods and services, available on a quarterly basis.
As additional macroeconomic variables for the estimation of the multi-factor model and the complete APT model (Section 5) we use, in the spirit of Chen et al. (1986) • Business climate: Monthly change rate of the ifo-Geschäftsklimaindex which measures the degree of confidence in the economic situation calculated by the ifo-Institut in Munich.
• Inflation: Monthly change rate of the Lebenshaltungskostenindex (consumer price index) calculated by the Statistisches Bundesamt in Wiesbaden.
• Term structure: Difference between the 10-year rate on German government bonds and the 1-month money market rate, both calculated by the Deutsche Bundesbank in Frankfurt.
• Residual market factor: For the estimation of the residual market factor we use as the dependent variable the monthly return of the DAFOX (Deutscher Aktienindex für Forschungszwecke) calculated by the KKMDB. The DAFOX is a Laspeyres performance index including all stocks traded at Frankfurt stock exchange. Therefore, it is the best substitute for the market portfolio available for the German stock.
4 VIAG and Henkel had to be excluded as their returns are not available for the whole estimation period.
5 See Sauer, A. (1994) , p. 102. 6 The KKMDB is a data base collecting German stock prices. For further information see http://finance.wiwi.uni-karlsruhe.de/Forschung/kkmdb.html.
Results, STEP I
The (unconditional) Adler-Dumas Dollar exposure is not constant over time, as can be seen from Table 2 , which provides GLS (panel) estimates of equation (8) for different time periods. The estimate is significantly negative until 1985, and turns out to be significantly positive thereafter. For the total period, the Dollar exposure is positive and significant, but the estimate is only about 0.097, which is much lower than the estimated absolute values from the sub-samples. 1974-1995 1974-1979 1980-1985 1986-1989 1991-1995 (Bhargava, Franzini and Narendranathan, 1982) .
According to the procedure described in equation (8), the complete picture emerges from Figure 1 , which shows the evolvement of the Dollar exposure of all 28 companies over time. The window size, τ , is chosen to be 48 months. The estimated coefficient of each rolling regression period is displayed at the time of the midterm period, more precisely
Two preliminary results seem to be straightforward: a) Dollar exposures are rather unstable over time, b) the majority of firm-specific exposures is rather low in the 80s
and quite high in the 90s. Going deeper into details, we observe that for energy oriented corporations like VEBA and RWE rather strong negative exposures are estimated for the beginning of the eighties, i.e. at the time of the second oil crisis, when high invoices for imported oil had to be paid, whereas in case of the more export oriented car-producers exposures are quite high at the time of a low Dollar and high export shares, i.e. at the end of the 80s and the beginning of the 90s (see DAIMLER, for instance).
In Figure 2 , these observations are confirmed by inspecting the results from rolling regressions, in which the Dollar exposure is restricted to be the same across all companies (B_BIV, see equation (9)). The time series from these estimates is depicted in Figure 2 . Table 3 , showing unrestricted results, confirms our suppositions: 1) the higher the DM/$ level is, the lower is the Dollar exposure; 2) the higher the export ratio is, the higher is the Dollar exposure (24 out of 28 companies reveal a positive sign); 3) the higher the import share is, the lower is the Dollar exposure (21 out of 28 companies show a negative sign).
Restricted results (identical parameters for all firms) are presented in Table 4 . They confirm in a more compact way what has been found in Table 3 . As further checks of robustness, we have included the Dollar exposure expressed as a t-value (i.e. the t-value on the Dollar return), as well as the difference between the export share and import share, in order to dispel potential concerns about multicollinearity. All results confirm previous findings. been available only at a quarterly basis, monthly data had to be transformed to a quarterly frequency. Table 5 presents results for "merging the last observation" and for "merging by averaging". Long-run parameters, which are the relevant parameters here, turn out to be robust, and confirm results already found in Table 3 and Table 4 . The ECM parameter γ is negative, and rejects the null of non-cointegration in 3 out of 4 cases. (Banerjee et al., 1998) ; sample period: quarterly observations of the period 1976:i -1992.iv (68 observations. Endogenous dollar exposures have been shifted to the centre of their moving window (four years), i.e. they enter the estimation as (t+24). *) Significant at the 5%-level.
Assessing the Dollar exposure in an APT model
The APT model, presented in equation (4) of Section 2, is a system of seemingly unrelated non-linear regressions with (N-1)K cross-equations restrictions (imposing that the s ' λ are the same for each of the N securities). It is estimated using the ITNLSUR (Iterated Nonlinear Seemingly Unrelated Regressions) technique developed by Burmeister and McElroy (1988) .
The estimates of the risk premia of the APT-model are displayed in Table 6 . During the first period from 04/77 -12/79, the risk premia for the business climate, inflation, the term structure and the dollar are significant on the 95 % level which implies that these risks are not diversifiable and therefore investors have to be compensated with a higher expected return for bearing these risks. During the second period from 01/80 -12/85, only the dollar and the residual market factor are significant. The third period from 01/86 -12/90 shows only one significant risk premium, that for the inflation variable, whereas in the fourth period none is significant. This might reflect the increasing efficiency of markets where due to the global integration of financial markets and sophisticated derivative instruments more and more risks can be hedged, such that the exchange rate risk is not priced. Table 7 displays estimated factor sensitivities for the business climate variable. They turn out to be unstable depending on the time period under consideration. During the first period from 04/77 -12/79, the relationship between changes in the business climate and stock returns turns out to be negative, which is counterintuitive since an improved business climate should result in improved expectations of firm profits. The sign of factor sensitivities reverses during the other three estimation periods.
Results for the inflation variable are shown in Table 8 . During the first three periods, signs of the factor sensitivities are negative. This might imply, contrary to the Fisher hypothesis, that investors expect a negative impact of increasing money depreciation on firm profits.
The relationship becomes positive in the fourth period from 01/91 -03/95, when 26 of the 28 estimated factor sensitivities are significant on the 5 % level. Table 9 shows the results for the term structure variable. During all four estimation periods the relationship between changes in the term structure and stock returns is negative. It becomes even stronger over time: the number of significant factor sensitivities increases from 7 in 04/77 -12/79 to 24 in 01/91 -03/95. This result is in accordance with the rational expectations hypothesis of the term structure, as an increase in the term structure implies the expectation of increasing interest rates in the future, and therefore a heavier discounting of future profits.
The results of the US-dollar, which is the variable of major interest in our work, are displayed in Table 10 . During the first estimation period 04/77 -12/79, the relationship is mostly positive, but only 4 t-values are above 1.96. The sign of factor sensitivities turns negative during the second period from 01/80 -12/85. The relationship during this period is highly significant as 22 of the 28 factor sensitivities are significant on the 5 % level. This period coincides with the period of the second oil shock and a sharply rising dollar (see Figure 3) , which led to increasing input costs of the German economy. The prospect of increasing prices for foreign inputs apparently had a negative impact on German stock prices. This result confirms our previous findings.
The relationship again reverses to a positive association during the third and fourth period from 01/86 -12/90 and 01/91 -03/95, respectively. Out of 28 factor sensitivities, 26 are positive and 10 are significant during the third period, whereas in the fourth period even all 28 coefficients are positive out of which 12 are significant. The rising German trade surplus from the mid-eighties on (see Figure 3) has let exporters more strongly profit from a rising dollar. These estimates, too, are in line with our results presented in Section 4. Table 11 , finally, displays parameter estimates for the residual market factor. All estimated coefficients are positive and significant with t-values up to 14. Thus, not surprisingly, the market return is the most important single factor influencing stock returns. 
Conclusions
According to many financial market analysts, there should be a positive correlation between German stock prices and the DM/$ rate, respectively a negative correlation between the German stock prices and the EURO/$ exchange rate. The supposition is based on Germany's export strength, such that any depreciation of the German/European currency would mean good news to German companies.
In this paper, we have tried to shed some light on the DAX-Dollar relationship. It turns out to be rather unstable, as has been demonstrated on the basis of an extended, time-variant exchange-rate exposure model in the tradition of Dumas (1980, 1984) , and Jorion (1990) , and by using an APT framework. Estimated Dollar exposures are significantly negative at the beginning of the 80's, but they change their sign in the late 80's and early 90's. The negative correlation is a result of the second oil shock and a sharply rising dollar, which have let to increasing import costs. The prospect of increasing prices for foreign inputs apparently had a negative impact on stock prices. The positive association reflects the rising German trade surplus from the mid-eighties on which has let exporters more strongly profit from a rising dollar.
These conclusions follow from numerous estimates, based on the performance indices of 28 German DAX corporations, inclusion of macroeconomic risk factors, data on export and import involvement, as well as on econometric panel, GLS, SUR and cointegration techniques.
Our analysis is completed by estimating an APT-model. The time pattern of estimated Dollar sensitivities is in line with our results on estimated Dollar exposures. As regards estimated risk premia, it turns out that the Dollar risk is the only risk which is priced in two out of four considered sub-periods. In general, however, the Dollar risk premium becomes less significant over time, and from 1986 on no significant risk premium remained. This might reflect the increasing efficiency of markets where due to the global integration of financial markets and sophisticated derivative instruments more and more risks can be hedged, such that the exchange rate risk is not priced.
